ABSTRACT Background: Self myofascial release (SMR) via a tennis ball to the plantar aspect of the foot is widely used and advocated to increase flexibility and range of movement further along the posterior muscles of a proposed "anatomy train". To date there is no evidence to support the effect of bilateral SMR on the plantar aspect of the feet to increase hamstring and lumbar spine flexibility.
INTRODUCTION
Flexibility is defined as the ability to move a single or series of joints through an unrestricted pain-free range of motion (ROM), with ROM as the degrees of freedom around a particular joint (Brigstocke et al 2013) . The terms muscle length and flexibility are often interchanged, as it refers to the ability of a muscle crossing a joint to lengthen to end of range (Reese and Bandy 2010) . Flexibility is vital for all movements and changes in flexibility may cause abnormal loading of the musculoskeletal system which could lead to injury (Wilson 2002; Ylinen 2008) .
Decreased hamstring flexibility is considered to be a predisposing factor for lower back pain (Esola et al 1996) , participants with lower back pain were found with tightness in their hamstrings (Marshall et al 2009) .
Fascia is a connective tissue which surrounds every nerve, blood vessel and muscle fibre in the human body resulting in the connection of bones, muscles and organs which form large networks throughout the body . Based on the tensegrity principle, previous studies have highlighted the presence of continuity and connectivity between fascia or muscle that may be anatomically distant from each other (Langevin 2006; Kassolik et al 2009) .. Anatomical dissections have confirmed the continuity of the fascial system in the upper and lower limbs (Stecco et al 2007; 2008) . A "schematic map" of the body's fascia connections, namely "anatomy trains" has been suggested and proposed that any tension at a particular part of an "anatomy train" may have detrimental effects resulting in global decreased flexibility (Myers 1997; Myers 2014) . For example, issues related to the plantar fascia may be associated with tight hamstrings and lumbar lordosis (Myers 2014) . Reduced flexibility and tightness in the hamstrings (Harty et al 2005) and tightness in the calf muscles are a possible aetiological factor for plantar fasciitis (Bolivar et al 2013) .
There is a correlation between hamstring and lumbar spine flexibility, indicating some degree of connectivity (Esola et al 1996; Marr et al 2011) .
The "anatomy train" suggested to be most related (to injuries of) the lumbar spine and hamstrings is the superficial back line (SBL) (Myers 2009; 2014) . The SBL contains the plantar fascia and short toe flexors (lumbricals, flexor accessorius and flexor digitorum brevis), the achilles and the muscle group triceps surae (gastrocnemius and soleus), the hamstrings (semimembranosus, semitendinosus and biceps femoris), sacrotuberous ligament, the fascia of the sacrolumbar area, erector spinae and finally the epicranial fascia which extends and attaches to the supra orbital ridge on the anterior surface of the cranium (Myers 2014) .
Myofascial therapies cover a numerous and varied spectrum of techniques, including osteopathic soft-tissue techniques, structural integration (Rolfing), massage including connective tissue massage (CTM), instrument assisted fascial release, myofascial trigger point therapy, strain-counter strain and muscle energy technique (MET) (Simmonds et al 2012) . Myofascial release (MFR) techniques have evolved as a result of current research and investigation via dissection and real time ultrasound and elastography (Chaitow 2012). However, in reviewing the literature, there is still theory and hypothesis in relation to the exact mechanism underlying the efficacy of fascial manual therapy. Pilat (2012)  fascial system is innervated by mechanoreceptors (Stecco et al 2008) , that when manual pressure or traction is applied may create a range of responses that facilitate movement.
 viscolelastic properties of fascia have been observed in numerous studies and concepts for practical treatment applications have been defined by varying authors, including; Rolf (1994), Barnes (1997) , Cantu and Gordin (2001) and Pilat (2003; 2009 ).
Self-myofascial release (SMR), works under the same principles as myofascial release and has been adapted to allow regular and frequent applications, without a therapist`s intervention (Sullivan et al 2013) . The difference between the two techniques relates to the individual using their own body mass to exert pressure on the soft tissue as they roll over the dense foam roller (FR) (Macdonald et al 2013) or a tennis ball on the plantar aspect of the foot (Myers 2014) .
Recently the effect of SMR with a FR on flexibility and force production (MacDonald et al 2013; Sullivan et al 2013) and a comparison to postural alignment exercises and static stretches (Roylance et al 2013) was investigated. The above identified SMR research evidence, as in this study used a sit-and-reach test (SRT) as an outcome measure. The effect of self MTrP release in patients with triceps surae (calf) dysfunction focussing on MTrPs in the gastrocnemius and soleus using a FR in combination with a course of MTrP therapy, has also been investigated (Grieve et al 2013a) . The use of a FR is often advocated in clinical practice and by fitness professionals in fields such as yoga and sports (Healey et al 2014; Okamoto et al 2014) . Related research using therapist initiated myofascial release (MFR), has been identified in increasing quadriceps and hamstrings ROM (Kuruma et al 2013) ;chronic lower back pain (Ajimsha et al 2014a) and plantar heel pain (Ajimsha et al 2014b).
In his Anatomy Trains Text (3rd edition), Myers (2014, p78-79 ) advocated a simple test rolling a tennis or golf ball on the plantar surface of the foot, applying slow pressure to see the effect this has on the SBL. He advocated this as a method on the effect that MFR, in one area of the "train" can have on another. Performance of a toe touch test (TT) post intervention, showed an apparent increase in ROM or "flexibility" (Myers 2014) . However, from a review of available literature, no evidence was found to support this statement.
In light of the above anecdotal evidence, the primary aim of this pilot RCT was to investigate the immediate effect of a single application of bilateral SMR on the plantar aspect of each foot, on hamstring and lumbar spine flexibility. Secondary aim is to evaluate the study design/method and propose areas for improvement in future research.
METHODS

Participants
Thirty-three staff and students from the University of the West of England, Bristol initially volunteered for this study. Participants were recruited via email and announcements placed on communal notice boards. Participants were excluded if 
Research Design
The study was a pilot single blind randomised control trial (RCT). After screening for inclusion and exclusion criteria and sit-and-reach test (SRT) baseline measurements, each participant was randomly assigned to either the intervention (SMR) or the control group (no therapy).
Randomisation
Randomisation was completed using an online randomisation tool "Graph Pad" http://www.graphpad.com/quickcalcs/randomize1.cfm . Stratified randomisation was conducted to ensure equal numbers of males and females were randomly allocated to each group. Baseline SRT measurements were taken for all participants, prior to random allocation into either the control or intervention group. 
Intervention group
The Intervention procedure consisted of baseline SRT measurements, followed by four minutes of SMR (two minutes per foot) and then post intervention SRT measurements. The researcher undertaking the baseline and post SRT measurements, was blind to the group allocation.
Control group
The control procedure consisted of baseline SRT measurements, followed by participants being seated on an identical chair to the one used for the intervention and then post control SRT measurements. Participants remained seated with research supervision for 4 minutes in the same position as the SMR intervention group with both feet flat on the floor. The researcher undertaking the baseline and post SRT measurements, was blind to the group allocation.
Data analysis
Data collected was analysed using SPSS 20 (IBM). Data analysis was conducted using a 95% confidence interval and a probability (p) value of <0.05 was considered statistically significant. Descriptive data was calculated for anthropometric data (age, 
RESULTS
Twenty-four healthy volunteers were recruited for the study (8 males and 16 females; range 19-60; mean age 28 ± 11.13). During the initial screening process, 6 potential participants were excluded via email due to current injuries and 3 were excluded on the day as they did not meet the inclusion criteria. The descriptive statistics for the baseline and post STR measurements including the "adjusted" outcome mean (controlling for the covariate) for the intervention and control groups are presented in Table 1 . (Kraemer et al 2003) .
In reviewing the literature, no evidence was found regarding SMR on the plantar aspect of the foot and it`s proximal effect further along the SBL. However, the findings of this pilot RCT, are the first empirical research evidence to support the apparent increase in ROM or flexibility of a toe touch test after rolling a tennis or golf ball on the plantar surface of the foot, as advocated in the text, Anatomy Trains Text (3rd edition), Myers (2014, p78-79) .
The findings of this study do support the use of SMR in increasing ROM or flexibility using STR as an outcome measure (MacDonald et al Sullivan et al 2013; Roylance et al 2013) . Specifically SMR using a FR, on the quadriceps, increased knee joint ROM (MacDonald et al 2013 ) and hamstring muscle flexibility (Sullivan et al 2013) , without decreasing muscle force. Roylance et al (2013) found no statistically significant improvement in lower back, hamstrings and calf flexibility SRT scores after individual treatment by either SMR, postural alignment exercises or static stretches. However, there were beneficial effects when SMR was combined with either postural alignment exercises or static stretching (Roylance et al 2013) .
Similarly, patients reported a decrease in calf pain, dysfunction and increased ankle ROM, after a combination of self MTrP release with a FR and a course of MTrP therapy (Grieve et al 2013a) .
The results of the current study supported the finding of two other interventions focussing on the SBL, although neither used SMR (Spina 2011; Hyong and Kang 2013) . A case study, using Active Release Technique (ART), along the affected SBL eradicated chronic hamstring pain and dysfunction (Spina 2011). A RCT, showed the positive effects of passive hamstring stretching exercises along the SBL on cervical spine range of motion and balance (Hyong and Kang 2013) .
Research and clinical implications
There are acknowledged limitations and a paucity of definitive experimental evidence into the exact mechanisms behind the efficacy of manual therapy on fascial structures. Within the analysis of each group of therapies, consideration is given to hypothesised mechanical and neurophysiological explanations for the results of therapies (Simmonds et al 2012) . Specifically, relevant to this study, according to Myers (2012) , "anatomy trains" is only a scheme, a map which is supported by clinical observation, common sense and some initial dissection work. Myers (2012) further elaborates that "anatomy trains" is not a treatment method, but a way of seeing that has been shown to be supportive in physiotherapy, rehabilitation and manual therapy.
Further consideration should also be given to the role of MTrP therapy including self MTrP release in deactivating active and latent MTrPs in the lower limb in increasing ROM (Grieve 2006; Grieve et al 2011; Grieve et al 2013b) . The use of SMR in this study, involved the use of a rolling motion, pressure and compression often similar to trigger point (TrP) pressure release with a tennis ball along the medial longitudinal arch and from the calcaneum (distal to the fat pad) to the metatarsal heads. The location compressed in SMR, would not only contain the plantar fascia, but intrinsic foot muscles including those with known MTrPs, namely quadratus plantae, abductor hallucuis and flexor digitorum brevis (Travell and Simons 1992) . Therefore, it is difficult to ascertain if the SMR fascial intervention, only targeted the fascia or both 
Methodological considerations and limitations
The secondary aim of this pilot study was to evaluate the method, identify limitations and propose improvements in future research.
Design/protocol
The female bias (2:1), small sample size (n=24) of healthy asymptomatic volunteers may have decreased the external validity of this study. The control group ensured that any effects found were due to SMR intervention and not to confounding variables. Future studies should consider using a sham treatment in the control group in order to decrease the effects of demand characteristics and improve the internal validity of the study (Cardwell and Flanagan 2008) .
Outcome measure
The SRT test is widely used in a variety of settings and with a variety of populations 
Hysteresis
The viscoelastic property of muscles termed "creep" can result in changes in muscles length after extended periods of strain (Taylor et al 1990; Law et al 2009) .
The majority of creep may occur within the first 15-20 seconds of stretch, with a high percentage in the first 0-10 seconds (Ryan et al 2010) . After the multiple SRT measurements, this may be one explanation for increases that were found within the control and ultimately intervention group.
SMR Intervention
Although a strict protocol was applied with the SMR intervention group, no quantification of the pressure applied on the tennis ball was attempted. Individual differences in the efficacy of SMR may have been caused by the varying pressure applied by individuals in the intervention group. Additionally, Curran et al (2008) found benefit in ROM when compressing a FR comprised of a firmer substance compared to one made of a lower density material.
Researcher experience
Researcher experience may have been a limitation in the current study as the team consisted of final year physiotherapy students, although overseen by an experienced researcher and clinician. Limited researcher experience may be detrimental to inter and intra-rater reliability (Myburgh et al 2011) .
Apart from the above methodological considerations and limitations the researchers involved in this study followed clear protocols and attempted to ensure internal validity by reducing bias through randomisation (initial intervention and control groups allocation) and blinding (researcher measuring SRT at baseline and post intervention/control was blind to group allocation).
CONCLUSION
This pilot RCT was explorative in nature on the efficacy of SMF on one area of a proposed "anatomy train" and its global effect on proximal flexibility.
This study has supplied evidence for the immediate effectiveness of SMR on the SBL and suggest that asymptomatic individuals could have an immediate increase in flexibility of the hamstrings and lumbar spine through this intervention. These preliminary findings should be interpreted with caution and should inform future research in the same area with a larger asymptomatic sample.
Further research recommendations should continue to focus on the exact mechanisms behind the efficacy of myofascial therapies.
